Leukemia is one of the most prevalent cancers worldwide.
Introduction
Cancer is recognized as the second cause of mortality in some parts of the world (1, 2) . In Iran, it is the third leading cause of death following cardiovascular diseases and accident. Statistically and epidemiologically speaking, childhood cancer is a general term used to describe a range of cancer types found in children under the age of 15. Accordingly, leukemia is the most predominant cancer ever known among children. Although cancer is rarely seen among children aged 0-14 years old (3) (4) (5) (6) (7) (8) (9) so that it accounts for less than 1 percent of the whole cancer types (5) (6) (7) , leukemia is documented to constitute approximately 32 percent of childhood cancers (10) . In the U.S, following accident, leukemia is reported to be the second factor leading to death among children between 0 and 14 years old (11) (12) (13) (14) . Regarding their cellular origin, leukemia can be divided into myeloid and lymphoid. They have been traditionally designated as acute and chronic based on their clinical course. Acute lymphoblastic leukemia is the most common type of childhood leukemia (15) so that it represents 80 percent of childhood leukemia in developed countries (16) .
Along similar lines, MAHAK (society to support children suffering from cancer) conducted a study on the prevalence of cancer in Iran and argued that the incidence rate of cancer has increased by 9 per 100 children during various years so that this figure amounted to 15 per 100 children in 2008 (17) . Despite appreciable breakthrough achieved in treating ALL among children within the past 30 years, it is known as the most prevalent type of childhood cancers, and children who have experienced the cancer relapse accounts for the vast majority of children suffering from cancer (18) . Treating patients with recurrent ALL is considerably more arduous in comparison with newly diagnosed cases such that their survival rate is significantly lower than that of the second group (19) (20) . Medical expenses, hospitalization period and mental disorders all point to the socioeconomic burden associated with this cancer (21) . Since this cancer poses a real threat to the health status of the younger population of the country, serious attention must be paid to childhood cancers.
Medical research mostly aims at investigating time to event data for death or relapse of a disease which is generally called survival time. Survival analysis involves a set of statistical methods whereby survival data are analyzed (22) . While analyzing survival data, once may encounter one or more events, whereas he experiences only one of them during the follow-up period. These various events are called competing risks. Therefore, the analysis of the data suggested two causes of failure that compete to occur. Devising an appropriate model for survival data in the presence of competing risks is not only complex but also difficult to interpret due to the presence of multiple causes of failure (24) . Tree survival models are strong tools for analyzing survival data.
The current study is an attempt to determine the five-year survival time and factors affecting it in the presence of competing risks using tree survival model with maximum within-node homogeneity among children suffering from acute lymphoblastic leukemia.
Materials and Methods
This study extracted and collected all data information of the patients was elicited through telephone interview, and then registered in the checklist.
Demographic information, together with laboratory information including bone marrow aspiration report, flow cytometry, cytogenetic and CBC of the patients and information on the patients' treatment were extracted via analyzing the patients' documents. Other information was collected based on the checklist.
Age, sex, treatment period, white blood cells count, platelet count, LDH level, patients' cell line, CNS involvement, as well as clinical symptoms like mediastan mass, rheumatologic symptoms, Tumor Lysis Syndrome, Hepatosplenomegaly greater than 4 cm and Lymphadenopathy greater than 2 cm serve as the independent variables of the study.
The patients' survival time from diagnosis to the first relapse, relapse-free death, the patient's withdrawal from study or completion of follow-up period were considered on a monthly basis, and those patients who were eligible for a 60-month follow-up were included in the study. Living people at the end of study and those missed in the follow-up were considered right censor. The relapse of the disease and relapse-free death were adopted as the desired event and competing event, respectively.
Statistical Analysis
The median, mean and survival diagram were computed and depicted using Kaplan-Meier method. The factors contributing to the patients' survival were identified using tree survival model in the presence of competing risks based on maximum within-node homogeneity and using event-specific martingale residual resulting from the fitting of Cox Proportional Hazards Model. Cumulative incidence curve was calculated for each sub-group, and the mean survival time to the relapse of the disease was compared among three sub-groups using Gray's test. Adopting a 0.05 level of significance, the current study evaluates the collected data using R 3.3.1 software together with foreign, survival, cmprsk, rpart and partykit software packages.
Results
255 patients, consisting of 147 boys (57.6%) with the average age of 5.9 years old and 108 (42.4) girls with the average age of 5.77, were eligible for the 60-month follow-up program. Among all patients, a number of 26 children (10%) experienced relapse and 57 ones (22.3%) experienced relapse-free death. 172 children (67.4%) were considered right censored. The probability of patients' survival was calculated 0.662. The truncated mean of the patients' survival time (the time expected for the lack of the occurrence of relapse and death after diagnosis) was determined 44.20 with the standard deviation of 1.52. The truncated means of the patients' postdiagnosis survival time were obtained 55.51 with SD of 0.906, and 47.53 with SD of 1.47 months, respectively. Having compared the Kaplan-Meier diagrams for relapse and relapse-free events in terms of a unique event, or two separate events (relapse or death, or both), one can come to this conclusion that the patients' survival time is lower in the presence of competing risks than in their absence (diagrams 1&2). According to the impurity function of sum of squares of Event-Specific Martingale Residual, the patients were classified into two homogenous sub-groups based on white blood cells count (>50000 or ≤ 50000). To put it differently, regarding this variable, the first partition revealed the most improvement in the fitting of the model. The patients with WBC count lower than 50000 were divided into two homogenous sub-groups (200 patients with platelet count<299500 and 20 patients with platelet count ≥ 299500). This partition reduces data impurity in node 2, thereby increasing the homogeneity by 0.0303. The decreased deviance of this node (19.67) in comparison to the root node (25.85) implies an improvement in the goodness-of-fit of the model.
In the terminal nodes 3, 4 and 5, no partition has been implemented to create homogenous sub-groups. As such, these sub-groups of the patients constitute three separate homogenous sub-groups with respect to the duration of disease or its relapse. The significance decline in the deviance of these nodes comparing to the root node alludes to the enhancement of the goodness-of-fit of the model. Diagram 3 represents competing risks tree diagram and patients' partitioned sub-groups together with prognostic factors of the disease.
The information of each sub-group including the number of the patients and competing risks together with the estimated survival time is illustrated in Table 2 . The patients with WBC count lower than 50000 and platelet count lower than 299500 were proved to have longer survival time than the other subgroups. Moreover, the cumulative incidence curve of recurrent events was estimated for each sub-group, and then the mean survival time to the relapse of the disease was compared among three sub-groups. The comparison made among the cumulative incidence curves indicates that the mean survival time to the relapse of the disease for the homogenous sub-groups of the patients with acute lymphoblastic leukemia is varied. The results of Gray's test to compare the survival time among three sub-groups point to the significance discrepancies among these three sub-groups regarding the mean survival time to the relapse of the disease (p=0.0055). Five-year survival of children suffering from ALL using tree survival model Having employed Cox and Weibull proportional hazards models, Hosseinitashnizi et al made an attempt to explore the factors affecting the survival time of patients with acute lymphoblastic leukemia and concluded that variables such as age, hometown and WBC count exert significant impact on the patients' survival time in either models. The distinction between these two models can be associated with the patients' age and the effect of certain variables like hometown (27) . Chessells et al used Kaplan-Meier method and ran Long-rank test on 378 patients suffering from acute lymphoblastic leukemia and accentuated age and WBC as factors influencing patients' survival (28) . Hazar and his colleagues conducted a study on 142 Turkish children aged 1 to 18 years old using Cox regression model and documented that age ≤ 10 years old, WBC count, Hepatosplenomegaly larger than 4 cm, medistian mass, and patients' cell line are amongst leading factors causing mortality. Among identified factors, the only factor that overlaps with our study is WBC count. The way of classifying the patients based on their age seems to be the cause of distinction in the results of the studies (29) . In a study undertaken by Hashemi et al using Cox (34) .
In addition, the findings of the current study recognized three sub-groups at risk with respect to the survival time. In the third subgroup, the patients with WBC ≥ 50000 showed the least mean survival time. In fact, these models aim at establishing sub-groups of patients, whose members represent the maximum homogeneity in terms of survival time. The mean survival time of the patients in the presence of the events of relapse-free death and relapse was estimated as a unique event, hence equaling 44.20. Also, the mean survival time of relapse-free death and relapse of the disease was obtained 55.51 and 47.53, respectively. Therefore, the patients' survival time in the presence of competing events is lower than that in the absence of competing event.
Conclusion
The ongoing research employed a tree model with maximum within-node homogeneity based on the impurity function of sum of squares of Event-Specific Martingale Residual (relapse of the disease) and ranked the survival time of the patients with acute lymphoblastic leukemia recursively with respect to certain demographic, laboratory and clinical specifications. The results of the fitting of the tree model pointed to three homogenous sub-groups based on two prognostic factors affecting the mean survival time to the relapse of the disease. Among fourteen studied factors, white blood cell count and platelet count were identified as the most influential prognostic factors in predicting the patients' survival time. Therefore, these controllable factors are recommended to be considered in patients' therapeutic protocols to prolong the survival time of the patients with acute lymphoblastic leukemia.
